FGF signaling repertoire of the indirect developing hemichordate Ptychodera flava.
Fibroblast growth factors (FGFs) are a group of ligands that play multiple roles during development by transducing signals through FGF receptors (FGFRs) to downstream factors. At least 22 FGF ligands and 4 receptors have been identified in vertebrates, while six to eight FGF ligands and a single FGFR are present in invertebrate chordates, such as tunicates and amphioxus. The chordate FGFs can be categorized into at least seven subfamilies, and the members of which expanded during the evolution of early vertebrates. In contrast, only one FGF and two FGFRs have been found in sea urchins. Thus, it is unclear whether the FGF subfamilies duplicated in the lineage leading to the chordates, or sea urchins lost several fgf genes. Analyses of the FGF signaling repertoire in hemichordates, which together with echinoderms form the closest group to the chordates, may provide insights into the evolution of FGF signaling in deuterostomes. In this study, we identified five FGFs and three FGFRs from Ptychodera flava, an indirect-developing hemichordate acorn worm. Phylogenetic analyses revealed that hemichordates possess a conserved FGF8/17/18 in addition to several putative hemichordate-specific FGFs. Analyses of sequence similarity and protein domain organizations suggested that the sea urchin and hemichordate FGFRs arose from independent lineage-specific duplications. Furthermore, the acorn worm fgf and fgfr genes were demonstrated to be expressed during P. flava embryogenesis. These results set the foundations for further functional studies of FGF signaling in hemichordates and provided insights into the evolutionary history of the FGF repertoire.